ABSTRACT
InTRoduCTIon
Craniocerebral firearm injury has a high incidence in modern wars, or in areas where armed conflicts break out or riots frequently happen (6, 9, 16, 17) . It is also sometimes caused by gun suicide (3, 12) . Craniocerebral firearm injury is characterized by high mortality and disability, accounting for nearly 50% of total deaths caused by firearm injury since World War II (22). Sudden occurrence, uncertainties of trauma types, specific injured locations and severity, as well as differences in craniocerebral structure, age, and physical status among patients all contribute to the extreme complexity and severity of modern craniocerebral firearm injury. In addition, considering that civilian firearm number and the power of new weapons and ammunition are increasing nowadays, more wide-range and severe injuries are certain to develop. Therefore, craniocerebral firearm injury-caused disability and deaths have even become a serious social problem (7) .
Previously, most studies on craniocerebral firearm injury focused on the exploration of its treatment based on analysis from one or a few angles and thus lack integrity and comprehensiveness. To accurately understand the characteristics of craniocerebral firearm injury, improve its diagnostic level and perform rational and effective surgical treatment immediately have become great concerns of surgeons.
In this study, clinical data from and treatments for 56 patients with craniocerebral firearm injury at Fuzhou General Hospital from August 1966 to May 2009 were analyzed retrospectively. The aims were to explore and summarize the clinical characteristics, operation timing, and operation mode of craniocerebral firearm injury and to provide a basis for reducing resultant disability and mortality rates.
dATA and METHodS

General Data
50 males (89.3%) and 6 females (10.7%) were involved in this study. Their ages ranged from 2 years to 52 years with an average of 24.1 (5 patients between 2 years and 10 years, 13 between 11 and 20, 22 between 21 and 30, 11 between 31 and 40, and 5 between 41 and 52). They were hospitalized 3 h to 16 d after injury with an average of 21.3 h.
Causes
Seven cases (12.5%) were caused by conventional weapons (pistols, rifles, and machine guns), 19 (33.9%) by knocking weapons (shells, land mines, grenades, and detonators), and 30 (53.6%) by civilian guns (shotguns and air guns).
Injured Sites and Injury Types
23 patients (41.1%) had injury at the frontal part, 16 (28.6%) at the temporal part, 12 (21.4%) at the copular part, 4 (7.1%) at the occiput, and 1 (1.8%) at the posterior cranial fossa. 10 patients (17.9%) also presented with maxillofacial injury, 13 (23.2%) with thoracic injury, 3 (5.4%) with abdominal injury, and 2 (3.6%) with limb injury. 11 patients (19.6%) had a penetrating wound, 3 (5.4%) had a tangential wound, 41 (73.2%) had a blind tract wound, and 1 (1.8%) had a ricochet wound.
Admission Conditions
All patients were scored using Glasgow coma scoring: 5 patients (8.9%) got scores between 3 and 5 points, 45 (80.4%) between 6 and 8, 4 (7.1%) between 9 and 12, and 2 (3.6%) between 13 
Auxiliary Examination
All patients were subjected to radiological examination (X-rays, cerebral angiography, computed tomography (CT), or magnetic resonance imaging (MRI)) for the understanding of wound tracts, the number and location of intracranial residing metallic foreign bodies or bone chips, and complications such as intracranial hematoma and brain edema (Figures 1A,B; 2A,B).
Surgical Methods
Debridement, hematoma evacuation, and decompressive craniectomy were performed as early as possible. Hair, sediment, bone chips, metallic foreign bodies, and necrotic liquefied tissues in the ballistic tract were completely removed. The wound tract was washed repeatedly with hydrogen peroxide, antibiotics, and physiological saline. For patients with intracranial residing foreign bodies, surgicallytouchable superficial foreign bodies were removed during debridement, deep and tiny foreign bodies were taken out using the stereotaxis or neuronavigation technique, and metallic foreign bodies that were difficult to clamp were removed using a magnetic bar or guide pin. For patients complicated with skull base defect, skull base repair and reconstruction were performed. A total of 54 patients (96.4%) received surgical treatment: 40 (71.4%) received debridement and complete foreign body removal, 2 (3.6%) received debridement and partial foreign body removal, and 12 (21.4%) received debridement alone. 2 patients (3.6%) received conservative treatment. Debridement within 8 h after injury was performed for 39 patients (69.6%) and that after 8 h for 15 (8.9%).
Statistical Analysis
Data were analyzed by SPSS 13.0 software. χ 2 tests were performed for numeration data. P < 0.05 was considered statistically significant.
RESuLTS
Foreign Body Removal
In this study, 43 patients presented with intracranial residence of one or multiple foreign bodies. Complete removal was performed for 40 patients (93.0%) and partial removal for 2 because multiple tiny metallic projectiles resided under the scalp ( Figure 1A ,B). One patient did not receive removal treatment because the foreign bodies were located in the deep functional areas. Intraoperative stereotaxis was adopted for 15 patients (Figure 2A ,B) and intraoperative neuronavigation for 2 ( Figure 3 ).
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Curative Effect 54 of the 56 patients survived and 2 deaths occurred. The deaths were caused by severe extensive cerebral contusion and laceration (1 case) and multiple organ failure (1 case). The survivors were followed up and the curative effects were graded according to Glasgow outcome scoring criteria: 36 patients (64.3%) recovered well, 15 (26.8%) were moderately disabled, and 2 (3.6%) were severely disabled. Among the 36 patients that recovered well, 32 (82.1%; 32/39) received debridement within 8 h after injury and 4 (26.7%; 4/15) received debridement after 8 h, showing a significant difference (P < 0.001).
dISCuSSIon
To deepen the understanding of craniocerebral firearm injury and to increase its diagnosis and treatment level, the clinical data from 56 patients with craniocerebral firearm injury as well as their treatment results were analyzed retrospectively in this study. 40 of 43 patients exhibiting intracranial foreign body residence (93.0%) underwent direct-visual complete foreign body removal under the guide of the stereotaxis or neuronavigation technique. After treatment, 54 patients survived, accounting for 96.4% of all the patients. Furthermore, patients receiving debridement within 8 h after injury got a 
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Detonation can lead to irreversible damage to the internal acoustic meatus. The wounding effect of a projectile is not only correlated with its weight, velocity, shape, and structure but closely correlated with the structural characteristics of the injured tissue (21) . Craniocerebral injury caused by a highvelocity projectile is markedly more severe than that caused by a low-velocity one (13) .
Craniocerebral firearm injury therefore possesses the characteristics of rapid traumatic condition development and serious trauma and contamination compared with non-firearm injury. It causes a post-surgery mortality rate of approximately 20% (2,4,515). As for craniocerebral firearm injury caused by civilian suicide, the mortality rate may be as high as 88% (1) . In this study, no patients got involved in a suicide event. In addition, except for three patients injured by high-velocity projectiles (rifles or machine guns), all were injured by low-velocity projectiles (civilian guns). These factors partially contributed to the reduced severity of the higher recovery rate than those receiving debridement after 8 h of injury.
The injury mechanism of firearm injury can be simply summarized as the combined action of air pressure, fragments, thermal effect, chemical stimulation, and detonation (20) . After a projectile enters the skull, it generates a powerful lateral pressure that acts on the surrounding tissues and compresses them promptly to form a temporary cavity (the cavity can have a diameter dozens of times as large as that of the primary wound tract). At this very moment, intracranial pressure increases abruptly. However, immediately after that, the air pressure in the cavity vanishes within several milliseconds and elastic recoil occurs. These sudden changes cause extensive and serious damage to cerebral tissues. Fragments may include projectiles, as well as secondary projectiles (such as broken bone fragments). The thermal effect causes skin and cerebral tissue burns. Ammunition with specific properties results in chemical stimulation. of foreign bodies, the position relations of the foreign bodies with the skull, venous sinus and cerebral functional areas, as well as conditions such as intracranial hemorrhage and cerebral edema. They can also play an assistant role in judging the direction, angle, and distance of the projectile. Projectile's intracranial bounding can cause a refracted wound tract. Multiple cerebral injuries caused by such a tract can also be observed by carefully observing CT films. Although MRI achieves a higher degree of accurate cerebral tissue injury observance, it should be cautiously used or even prohibited in diagnosis after craniocerebral firearm injury because of the possible residence of metallic foreign bodies. Normally, MRI is only used for diagnosing penetrating wound or observing and judging the traumatic condition after bullet fragment removal. In addition, although cerebral angiography is rarely used for the diagnosis of craniocerebral firearm injury nowadays, it still has significant diagnostic value for complicated intracranial aneurysm or arteriovenous fistula.
Knowledge of wound ballistics plays an important role in better understanding craniocerebral ballistic injury condition (11) . In this study, patients' traumatic conditions varied general traumatic condition and a post-treatment survival rate of 96.4% in this study. The three patients injured by high-velocity projectiles received debridement, hematoma evacuation, and decompressive craniectomy, but the curative effects were unsatisfactory due to severe extensive cerebral contusion and swelling: one died, one was seriously disabled, and one was moderately disabled.
Craniocerebral firearm injury can be diagnosed using routine anterioposterior and lateral X-rays. If the projectile entrance is located at the occiput, occipital-frontal (Town position) X-rays should be supplemented for the interest of determining injury type, as well as the location and number of intracranial metallic foreign bodies and bone fragments. This examination method has a particular advantage in evaluating the range of shotgun injury. Furthermore, cranial X-ray films are convenient for head surface metallic marker positioning in clinical practice, thereby benefiting accurate intraoperative foreign body removal. CT scan is indispensable after craniocerebral firearm injury. Preoperative thin-layer plain CT scan and bone window scan can expose the location and direction of the wound tract, the properties and number 
A B C d
performed. After operation, broad-spectrum antibiotics were given routinely.
Intracranial foreign body removal should be performed on the premise of being without worsening cerebral injury. Therefore, the determination of a reasonable operative mode as well as a plausible approach should be based on traumatic condition as well as the characteristics of the wound tract. This study generates the following experiences in this respect: 1) For a short wound tract and superficial foreign bodies, debridement and foreign body removal can be performed through the projectile entrance; 2) For foreign bodies located in functional areas, apart from ballistic debridement, an incision and an operative approach should be designed to remove the foreign bodies avoiding the functional areas; 3) For blind tract injury with a long wound tract and foreign bodies very close to the inner table of the skull on the opposite side, debridement should be done from the entrance; in addition, an incision for foreign body removal should be made at the place close to the foreign bodies on the opposite side or avoiding important functional areas; 4) For a tract caused by ricochet wound, bilateral craniotomy along the ballistic tract and bidirectional debridement should be performed; afterwards, foreign bodies were taken out on the proximal side; 5) Because both stereotaxis and neuronavigation can miniaturize and intelligentize the surgical pathway, their application improve the overall quality of surgery; 6) For metallic foreign bodies with small volumes deeply located in vital structure whose removal can pose a disability or even life risk, or non-penetrating foreign bodies with diameters of less than 1 cm deeply located in the muscles at the temple or occiput, removal may not be necessarily performed; however, for lead bullets and cranial bone fragments, removal should be tried as much as possible; otherwise, they may increase the risks of toxicity and infection; and 7) For metallic foreign bodies that are not easily clamped out, a magnetic bar or pin can be used.
The patient involved in Figure 2A ,B was a 20-year-old male soldier who was hospitalized 1 h after coma and hemiplegia caused by grenade injury. CT scan showed hematoma in the ballistic tract from the left frontotemporal lobe to the basal ganglia and the residence of a bullet fragment near the midline posterior to the basal ganglia. With the help of a Fischer brain stereotactic apparatus and a surgery microscope, a surgery was performed under a systemic anaesthesia. A debridement pathway was first designed in the direction of the ballistic tract. However, due to the obstruction of the middle cerebral artery and its branches in the lateral fissure area, the surgery could not proceed deeply. Thus, a cortical incision in the upper part posterior to the bone window was decided and the bullet fragment was suctioned using a magnetic pin. After the surgery, his consciousness and muscle strength recovered gradually. The patient involved in Figure 4A -D was a 36-yearold male security officer who was hospitalized 8 h after coma caused by handgun injury of the head. Frontal debridement was performed immediately. A prefrontal bone cavity and an anterior basilar fracture with free bone fragments were according to different kinetic energy and shapes of projectiles. Short-distance bullet injury often causes penetrating injury because of high kinetic energy of projectiles. As a result, skull fractures, cerebral contusion and laceration, intracranial hematoma, and consciousness disorder occur, causing serious traumatic condition. In contrast, long-distance bullet and explosive weapon injury often results in blind tract wound. Although civilian guns have low kinetic energy and patients with so-caused blind tract wound only have slight consciousness disorder in most cases, extensive multi-bolus residence and serious contamination tend to occur. As for post-injury residing foreign bodies, non-metallic materials are the primary form in penetrating and tangential wound, whose components are represented by dandruff, hair, and cranioaural fragments carried in by bullets, whereas metallic materials are the representative form in blind tract wound. However, some patients may exhibit the co-residence of metallic and non-metallic foreign bodies.
Timely discovering intracranial hematoma and performing debridement and hematoma evacuation can noticeably reduce the mortality and disability rates of patients with craniocerebral injury (19) . For patients with serious brain damage accompanied by the residence of cranioaural fragments, bullet fragments, or pellets, complete debridement is necessary; the procedure should be performed under direct vision as far as possible (8) (9) (10) 13, 16, 18) . Also, surgery can be performed under the guide of operating microscope or nerve endoscope (14) . Normally, craniocerebral firearm injury has an infection incidence of 20-45.7%. However, under specific conditions such as high temperature and high humidity, earlier and more severe infection may occur, because of faster proliferation of bacteria after firearm injury. In this study, because most patients were farmers from remote rural areas and front-line soldiers, they were hospitalized after long time of transportation or delay. As a result, only 5 of 54 patients received debridement within 6 h after injury, 34 between 6 h and 8 h, and 15 after 8 h. Because of only a small number of patients receiving debridement within 6 h, 8 h was taken as the dividing line in this study. The result showed that patients receiving debridement within 8 h after injury got a significantly higher recovery rate than those receiving debridement after 8 h of injury. Therefore, performing complete debridement as early as possible is the key to successful treatment of craniocerebral firearm injury. The aim of early debridement after injury is to reduce the risk of infection and meanwhile to alleviate the severity of secondary cerebral edema. In addition, turning an open and contaminated wound tract into a closed and clean tract, the following steps should also be done during debridement: the removal of intracranial hematoma, broken necrotic cerebral tissues and foreign bodies in the operating field and wound tract, strict hemostasis, repeated washing of the wound tract with gentamycin sulfate saline or hydrogen peroxide, and repair to dural and scalp defects. For cases concurrent with severe cerebral edema, decompressive craniectomy can be observed. The fragments were taken out. Hematoma and broken necrotic cerebral tissues were cleaned. The mucous membrane of the frontal sinus was removed. Basicranial defects were plugged by bone wax and then pasted and reinforced by gelatin sponge and EC glue. Craniotomy at the left occiput was performed by making a horseshoe incision for hematoma and blood clot removal. A magnetic bar was inserted and a metallic bullet with a length of about 2 cm was suctioned out. Because the patient exhibited marked cerebral swelling, decompressive craniectomy was performed.
Diagnosing the concomitant injuries of craniocerebral firearm injury as early as possible is of great significance for patients' prognosis. Based on the analysis of this study, explosive weapon injury is most likely to be associated with associated injuries. Since most patients with such injury stay in coma at the time of doctors' office visiting, doctors tend to concentrate on craniocerebral injury only and thereby neglect associated injuries. Therefore, if a patient exhibits dyspnea, chest injury should not be out of consideration. In addition, although abdominal paracentesis is a convenient and reliable diagnostic method for injury of abdominal parenchymal viscera, a first-time negative result cannot exclude the possibility of such a condition. In this study, negative results were obtained from 4 patients in coma after the first time of abdominal paracentesis. However, the second and third abdominal paracenteses demonstrated positive results. Furthermore, for patients accompanied by paralysis, spinal column, spinal cord, and limb injuries should be on the alert.
Craniocerebral firearm injury is characterized by rapid traumatic condition development as well as serious trauma and contamination. Accurately judging traumatic condition and the ballistic tract, performing complete debridement as early as possible, reasonably deciding an operative mode and an approach for concomitant intracranial foreign body removal on the premise of being without exaggerating cerebral injury, and timely discovering and managing the associated injuries of other important organs are the keys to the improvement of the overall treatment level of craniocerebral firearm injury.
